The objective of this study was to evaluate the differences in composition among six brands of conventional soybean and six genetically modified cultivars (GM). We focused on the isoflavones profile and mineral content questioning the substantial equivalence between conventional and GM organisms. The statement of compliance label for conventional grains was verified for the presence of genetic modified genes by real time polymerase chain reaction (PCR). We did not detect the presence of the 35S promoter in commercial samples, indicating the absence of transgene insertion. For mineral analysis, we used the method of inductively coupled plasma-optical emission spectrometry (ICP-OES). Isoflavones quantification was performed by high performance liquid chromatography (HPLC). The results showed no statistical difference between the conventional and transgenic soybean groups concerning isoflavone content and mineral composition. The concentration of potassium, the main mineral component of soy, was the highest in conventional soybeans compared to that in GM soy, while GM samples presented the highest concentra-* Corresponding author.
Materials and Methods
We acquired six samples of soybeans from different suppliers in the municipality of Belo Horizonte /MG during November 2011 (SC1, SC2, SC3, SC4, SC5, and SC6). Another six samples of transgenic cultivars were provided by COPAMIL (AGRICULTURAL COOPERATIVE Mista Iraí Ltda). The following varieties were studied: Favorita-S2, Valiosa-S2, 850-S2, 811-S2, 750-C1, and 740-C1 (ST1, ST2, ST3, ST4, ST5, and ST6, respectively).
The evaluation of the labeling was performed taking into account the compliance with current legislation for food and food ingredients for human consumption or feed containing, or produced from, GMOs [2] [4] [5] .
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The presence of the transgene was initially verified by the detection of the 35S promoter and, when present, detection of the Roundup Ready (RR) transgene, according to ISO 21570:2005 [12] . The quantitation limit (LOD) was 0.1%.
For mineral analysis, the methodology used was that recommended by the Instituto Adolfo Lutz [13] . The minerals quantified were the following: K (potassium), Ca (calcium), P (phosphorus), Mg (magnesium), Na (sodium), Cu (Copper), Fe (iron ), Mn (manganese), Zn (zinc), Cd (cadmium), Pb (lead), Ni (nickel), Ba (barium), and Cr (chromium). A standard curve was obtained by using standard solutions of these minerals at a concentration of 1000 mg/L (Merck) prepared in aqueous solution acidified at 10% (v/v). The soybeans were ground, weighed, and placed in an oven with air renewal and circulation (Marconi, mod. MA035) at 70˚C, and after 12 h they were calcinated in an oven (Vulcan, mod. 3 -1750) using a heating ramp up to 530˚C. After cooling the samples, 1.0 mL of concentrated HNO 3 was added. This mixture was heated on a hot plate at 100˚C to dryness and placed again in an oven at 375˚C for 1 h. HCl (10 mL) was added to the ash obtained and gauged in a 100-mL volumetric flask with water purified with a Milli-Q system.
The samples were analyzed directly by inductively coupled plasma-optical emission spectrometry (ICP-OES; Perkin Elmer, mod. Optima 2000 DV-sampler, mod. As90plus) in Axial configuration, at 1400 kW radiofrequency power, and 0.60 L•min −1 gas flow. For analysis of isoflavones, the samples were crushed in a micromill and degreased with n-hexane (HPLC grade). The extraction of isoflavones was performed according to the method proposed by Carrão-Panizzi [8] and colleagues for the extraction of isoflavones in soybeans. The separation and quantification of isoflavones were performed according to the changes in the method proposed by Berhow [14] , by using a liquid chromatograph (Waters model 2690) equipped with W 600 model pump, and an automatic sample injector (model W 717 plus). An octadecyl-silica (ODS)-type reverse phase C18 column (YMCPack ODS AM column; 250 mm length × 0.4 mm internal diameter, particle size 5 µm) was used for this purpose. For the separation of isoflavones we adopted a binary linear gradient system, using the following as the mobile phases: 1) methanol containing 0.025% trifluoroacetic acid (TFA) (solvent A) and 2) ultrapure deionized distilled water containing 0.025% TFA (solvent B). The initial condition of the gradient was 20% solvent A, which reached 100% after 40 min, then reduced to 20% after 41 min, and remained in this condition up to 60 min. Therefore, the total time of analysis for each sample was 60 min. The mobile phase flow rate was 1.0 mL•min −1 and the temperature throughout the analysis was maintained at 25˚C. The detection of isoflavones was performed using a photo diode array detector (Waters model W 996) adjusted to the wavelength of 260 nm. To identify the peaks corresponding to each of the twelve different forms of isoflavones, the following standards were used: daidzin, daidzein, genistin, genistein, glycitin, glycitein, and also standards of their acetyl and malonyl conjugates, (Sigma and Fuji) solubilized in methanol (HPLC grade) at the following concentrations: 0.00625 mg/mL, 0.0125 mg/mL, 0.0250 mg/mL, 0.0500 mg/mL, and 0.1000 mg/mL. To quantify the 12 types of isoflavones by external standardization (peak area), standards were used as reference. The identification of the peaks corresponding to each of the twelve forms of isoflavones in the samples was performed by comparison with the spectra and retention times of the standards.
Statistical analysis was performed using analysis if variance (ANOVA) and Tukey's test for comparison of the means, as well as the Statistica 7.0 program (STATSOFT, 2004) , with a significance level of 5%.
Results and Discussion
Article 40 of Law No. 11.105/2005 defines that "food and food ingredients for human consumption or animal feed containing or produced from GMOs or derivatives should contain information on their labels accordingly" [4] . Decree 4680/2003 regulates the mandatory labeling of foods and food ingredients for human consumption or animal feed containing or produced from GMOs that contain GMOs above the limit of 1% of the product. These products should bear on their labels prominently the words: "(name of product) transgenic", "contains (name of ingredient or ingredients) transgenic (s)", or "product produced from (name of product) transgenic" as well as the symbol for GM, which consists in a yellow triangle with the letter "T" inside, defined by Ordinance No. 2658, December 22, 2003 [4] [5] .
Initially, we observed that the label statements in the commercial soybean samples did not comply with the law. However, the results of the genetic analysis did not show the presence of the 35S promoter. Therefore, there was no need to investigate RR gene alterations, as described in the methodology. Thus, since the tested samples effectively contained no detectable amounts of GMOs, the brands sampled in local suppliers were in accordance with the law.
It is interesting to note that although 76% of soybeans grown in Brazil are from transgenic cultivars, the conventional product continues to be prominent in local trades. In a study by Branquinho and colleagues [15] , it was shown that 28.3% of the samples tested contained transgenic soybean [(n = 68) in 240 foods derived from soybeans analyzed between 2004 and 2007] . Quantitative analysis revealed GMO content between 0.05% and 1% in 43 (63.2%) samples, and more than 1% in 25 (36.8%) samples. There was no indication on the label of the presence of GM material and; therefore, the labels were not in accordance with the law. These results differ from ours probably because the authors analyzed products derived from soy (type 1 products), and not soybeans, which were the object of our study.
Over the last decade, other studies have assessed the presence of GMOs in food available in the consumer market. Cardarelli et al. [16] analyzed 89 food products that contained soy and/or corn ingredients in samples originating from different cities in Brazil. The presence of soybean RR was found in 16 samples such as soy extract, pastes, sauces, dehydrated soups, and uncooked soybean feed. Of the total number of samples analyzed by Cardarelli and colleagues [16] , 15 were raw soybeans and only one was positive for the presence of the 35S promoter. The results and methodology of this study are similar to those of the present study. Subsequently, the positive sample found by Cardarelli et al. [16] was evaluated for the presence of the RR transgene, which was then confirmed.
Brod and colleagues [17] have produced a series of articles evaluating the presence of GM soy in different food products marketed in Florianópolis, Brazil. In 2007, they analyzed 37 samples of soy products including six samples of flour, six samples of infant formula, and 25 samples of soymilk powder. The results were positive for the presence of RR soybean in four samples of defatted soy flour and 15 samples of soymilk powder [18] .
In 2007, Brod and Arisi [18] analyzed 32 meat additives containing soy proteins. Twenty-five were positive for lecithin, confirming the presence of soy in the amplified DNA, and 15 of these were positive for RR, confirming the presence of GM soy.
In 2008, Brod and Arisi [19] analyzed 62 samples of soy isolates, of which 37 were of textured soy protein (TSP) and 25 were of soybean extract powder. Forty samples were positive for RR but only two contained more than 1% RR soybean.
It is interesting to note that these studies were conducted primarily with soy products, in which the presence of GM soy lecithin and RR was detected but not the 35S promoter. These results suggest that the use of GM soybeans is directed to processed foods.
Regarding the glycoside daidzin (SC 4.61 ± 1.88 and ST 6.76 ± 3.74 mg•100 g −1 of defatted sample) and its corresponding aglycone form daidzein (SC 55.40 ± 12.64 and ST 67.14 ± 31.95 mg•100 g −1 of defatted sample), there was no statistically significant difference (p > 0.05) when comparing the ST (GM soy) and SC (commercial soybean) sample groups, which is in accordance with the results of Zhou and colleagues [11] , who also found no significant difference between samples of transgenic soybeans and conventional soybeans for these forms of isoflavones. There were detected all forms of isoflavones in this study; therefore, the three forms of isoflavones and aglycone glycitein were not quantified. Because the study focused on unprocessed soybeans, the finding of acetyl conjugates was expected, as they are only present in processed soy products.
The work of Zhou and colleagues [11] demonstrated, by a mixed model, regional differences in isoflavone content; all levels of isoflavones were higher in southern Brazil when compared with the levels found in the samples from northern Brazil. This model attributed the variation in the composition of the isoflavones mostly to a combination of parameters such as region, year, and phenotype, which were statistically different (p < 0.05) for all the isoflavones evaluated. These data confirm that multiple factors are associated with the variation in the content of isoflavones, including environmental factors such as local culture and especially the temperature during grain filling; genetic factors inherent to the soybean cultivars also influence the accumulation of isoflavones in the grains. This has been consistently observed in recent studies [7] - [10] , establishing that the formation and accumulation of isoflavones is affected by many biotic and abiotic factors.
The absence of statistically significant difference (p > 0.05) between the samples of GM and conventional soy samples found in this study for these two isoflavones (daidzin and daidzein) shows the absence of any effect attributed to the transgene.
In contrast, when we compared the levels of other isoflavones in samples of transgenic cultivars and conventional commercial soy we observed a significant difference (p < 0.05), despite the large intragroup variability observed ( ), the levels observed were statistically higher for the transgenic cultivars. The mean levels of genistein observed were 2.95 ± 1.24 mg•100 g −1 in transgenic cultivars, and 4.83 ± 2.41 mg•100 g −1 for conventional commercial cultivars, which indicated that these, on average, had higher levels of this bioactive isoflavone. However, the wide range of contents of isoflavones in soybeans and transgenic cultivars, especially in conventional commercial cultivars, as verified by the intragroup standard deviation, may have interfered with this significance. The variation in the concentration of isoflavones, especially in the conventional commercial cultivars, can be explained by the potential heterogeneity both with regard to genotype and the place and time of planting, growing conditions, and even storage conditions. ), who found that, even though lower levels of these compounds were observed in GM varieties, the total isoflavone content was higher. It is important to note that, in our study, this difference was statistically significant. In another study by Barbosa et al. [20] , the authors found 381 ± 3 mg 100 g −1 of total isoflavones in defatted soybean flour obtained from conventional commercial soybeans, which is similar to our results for conventional commercial soybean, because isoflavones were assessed on degreased samples. Duke et al. [21] performed a study using a different approach to evaluate the response of transgenic cultivars DP 5806 RR and Asgrow 3701 RR subjected to different environmental conditions but similar herbicide applications. The authors observed a wide variation in the levels of isoflavones between the two cultivars, but not within the same cultivar with different herbicide applications, which suggests that this wide range of variation among cultivars is independent of the presence of the transgene. ). However, Barbosa et al. [20] found different proportions of total isoflavones: 42.8 and 39.1 mg•100 g −1 of β-glycosides, 52.5 and 50.6 mg•100 g −1 of malonylglycosides, 4.0 and 7.2 mg•100 g −1 of aglycones, and 1.0 and 2.9 mg•100 g −1 of acetylglycosides in soybeans and defatted flour, respectively. However, these authors did not have information about the presence of transgenes in the tested samples. Bavia et al. [22] using the same methodology, found different values for different cultivars and variation in the proportion in raw grains: β-glycosides from 37.9% to 47.8%, malonylglycosides from 40.8% to 48.1%, and aglycones from 11.4% to 16.7%; total isoflavones from 89.63% to 200.24 mg•110 g −1 of dry matter. Regarding the aglycones, the values found in this study were similar to those obtained by Benedetti [23] in defatted soybeans, which represented 1.8% of total isoflavone content, and to those found by Wang & Murphy [24] , in which the aglycone levels were between 1% and 3% of total isoflavones. The average total aglycone was 9.6 mg•100 g −1 . This result was similar to that found by Silva et al. [25] , which was 9.19 mg•100 g −1 , and higher than that reported by Carrão-Panizzi et al. [8] , which was 4.0 mg•100g −1 . These variations are explained by the cultivar studied and the environmental cultivation conditions.
The results of the analysis of micro-and macrominerals are summarized in Table 2 and Table 3 , respectively. When comparing the results of the analysis of macro-and micro-minerals, with the samples divided into conventional and transgenic cultivars, it was possible to observe significant differences between groups for the following minerals: potassium (p < 0.003), chromium (p < 0.007), and iron (p < 0.013). The minerals Pb, Ni, and Cd were not detected or were classified as trace elements. In study by Zobiole et al. [26] found lower values for macro-and micro-nutrients analyzed in soybeans that had undergone genetic modification compared to their near-isogenic cultivars, regardless of the application of glyphosate; however, these studies evaluated the plant (shoot and root) and not the seeds. In study by Shinonaga et al. [27] , the uptake and translocation of trace elements (Co, Se, Rb, Sr, Ru, Rh, and Cs) in maturing soybean plants cultivated on soil were studied over 360 h under diurnal conditions after the administration of a multitracer. In study by Vieira et al. [28] , respectively. In this study, the high variation in mineral contents between cultivars may be related to genetic factors intrinsic to each cultivar as well as growing conditions, climate, soil, and fertilizers. We also observed that for these minerals, the values obtained in this study were lower than those found by Vieira et al. [28] in their samples.
Conclusions
The six brands of conventional soybean marketed in the municipality of Belo Horizonte were labeled for the presence of genetically modified organisms, in accordance with current legislation.
Although differences among groups were observed for some minerals, the same trend was observed within the group, which could be explained by genetic differences among cultivars as well as by environmental conditions during cultivation. The highest levels of potassium and the main mineral present in soy were found in conventional cultivars when compared with transgenic cultivars, which in turn had higher content of iron.
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The variation in total isoflavone contents of soybeans from local suppliers confirms the need for labels to bear information regarding these levels. In addition, information is needed regarding unknown parameters such as variety, cultivation region, and maturation of the commercially available grains.
